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METHOD AND APPARATUS 

Field pjf the Invention 

[001] The present invention relates to a method of setting clock speeds for a computer 
system comprising a plurality of computing units. It is particularly applicable to a computer 
system comprising a plurality of computer processing units (CPUs), for example a plurality of 
computer servers in a single rack or a plurality of CPUs in the same server. 

Background of the Invention 

[002] Any computer system operating at a given clock frequency generates electromagnetic 
radiation of a frequency related to the clock frequency. Legislative and industry practice 
standards define maximum levels for these emissions so as to keep them within safe levels. 
Examples of formal tests of electromagnetic radiation in these situations are NEBs, FCC and 
European CE mark, and traditionally the intensity of radiation is measured by instruments with 
bandwidths of about 120KHz. 

[003] When several CPUs are located in close proximity to each other, for example when 
multiple cores are involved, then their emissions tend to be cumulative and the additive effect 
of the emissions, particularly in a large concentration of CPUs, may inadvertently exceed legal 
standards at certain frequencies, even though emissions from each individual core meet the 
standard. Typically the higher emissions will be at harmonic frequencies or sub-harmonics of 
the CPU's clock and memory bus frequency (dependent on the number of CPUs). 

(004] Previously this problem has been addressed by a spread spectrum technique in which 
the memory bus clock on a single server is continually varied across a predefined range. Such 
technology is built into a chip so that it is effectively integral with the CPU and it is thus 
relatively complex and cannot be retrofitted or easily altered or adapted. 

Summary of the Invention 

[005] The present invention provides a different clock frequency for each of a plurality of 
computing units of a computer system. Each different clock frequency is chosen to differ from 
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at least one other of said frequencies by at least a predetermined bandwidth. 

[006] Preferably this minimum predetermined bandwidth is that which would allow the 
separation of frequencies to reduce the level of emissions within the measurement bandwidth 
to be below any given international legal electromagnetic emission limit. This separation could 
be from at least 1 Hz to at least 40 Ghz. Most conveniently it would be the bandwidth of a 
standard emission measuring device, which is typically 120KHz, and may for example 
advantageously be several times higher such as 1 MHZ, or 2 MHZ. 

[007] In one embodiment the clock frequency at which each unit operates is determined as 
a function of a number generated, accessed or allocated on start-up or resetting of the system. 
For example such a number may be used as a multiplier of a base frequency which may be a 
difference between the clock frequency of two computing units. 

[008] The number may be generated by one or more random number generators, or could be 
allocated by using a digit from the identifying address of the respective computing unit such 
as the CPU or server. Alternatively each different frequency could be dynamically allocated on 
start-up or resetting, using a start-up sequence which comprises identifying the core servers 
in a system, for example in a box or in a rack, but this method tends to be slower. 

[009] The invention provides a relatively simple method which is generally straightforward 
to implement. 

[010] The present invention also provides apparatus for start-up of a computer system 
comprising a plurality of computing units. The apparatus comprises means for setting a 
different clock frequency for each unit so that the units operate at a plurality of different 
frequencies. Each frequency differs from another of said frequencies by at least a 
predetermined minimum bandwidth. This frequency bandwidth may be a multiple of a 
predetermined base frequency. The multiple is determined by a respective number allocated 
on start-up or resetting of the system and the number may be generated by a random number 
generator or dynamically allocated. 

Brief Description of Drawings 
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[Oil] For a better understanding of the present invention and to show how the same may be 
carried into effect, reference will now be made to examples of the invention, described with 
reference to the accompanying drawings in which: 

Figure 1 is a schematic graph showing emission levels for a known computing system; 

Figure 2 is a schematic graph showing emission levels for the computing system of the present 
invention; 

Figure 3 illustrates a first embodiment computing system according to the present invention; 
Figure 4 illustrates a second embodiment computing system according to the present invention; 
Figure 5 is a flow diagram of the process of start-up of the apparatus of figures 1 and 2. 
Detailed Description of Drawings 

[012] The invention typically applies to a computer system such as the Sun Microsystems, 
Inc. Netra (TM) TI AC/DC 200 servers system in which six servers are mounted together in 
a single rack. Traditionally these servers would each be operated at the same CPU clock 
frequency of a value X between 600-700 MHz and preferably the higher speeds are used to 
optimize performance. The memory bus operates at one-sixth of the CPU speed, for example 
for a CPU speed of 648MHz the memory bus speed would be 1 08MHz. Emissions from such 
a system tend to reach peaks at multiple harmonics of the memory bus frequency, typically up 
to nine times the base frequency, ie up to 972MHz in this example. A typical legal limit for 
such emissions would be 57 dB^V at 3m but the additive effect of the harmonics tends to 
exceed this at certain frequencies. 

[013] Such an effect can be seen in the graph of Figure 1 which shows the cumulative effect 
on the level of radiation for a known multicore computer system, comprising up to six CPU 
systems 1 to 6 all running at frequency X. The legal limit which is typically 57 dB^iV at 3m, 
is indicated at A and it can be seen that the emission level exceeds this limit in this example 
when five or six of the CPU systems are operating. The cumulative effect is on a logarithmic 
scale (201og (N total/N original)) and, for example, if each system emits at a level of 20 dBjiiV 
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then the cumulative level of operating system 1 and system 2 would be 26 dB^V ; for systems 
1 to 3 29.5 dBnV, for systems 1 to 4 32 dBjiV, for five 14 dB^V and for systems 1 to 6 would 
be 35.5 dBuV. This is evidently undesirable. 

[014] Figure 2 shows a typical level of radiation for a multicore computer system operated 
according to the invention. Here it can be seen that the limit shown at A is not exceeded, 
because each CPU system is operated at a different frequency separated by at least the 
bandwidth of the measuring device as indicated at 10. In figure 2 system 1 operates at 
frequency X, system 2 at X+nl, system 3 at X+n2, system 4 at X+n3, system 5 at X+n4 and 
system 6 at X+n5. Thus for the same emission level of 20 dBp.V for each CPU. the maximum 
level is 20 dBnV regardless of the number of CPU systems used or added. One example of 
such system is illustrated in figure 3 where six systems 1 to 6 are mounted in a rack 1 1 . Each 
system or core 1 to 6 has a respective CPU 31 to 36 operating at a different frequency. 
System 1 has a CPU 21 operating at frequency XMHz; system 2 has a CPU 22 operating at 
frequency (X + 1) MHz; system 3 has a CPU 23 operating at frequency (X + 2) MHz; system 
4 has a CPU 24 operating at frequency (X + 3) MHz; system 5 has a CPU 25 operating at 
frequency (X + 4) MHz; and system 6 has a CPU 26 operating at frequency (X + 5) MHz. 

[015] Figure 4 is a highly schematic view of an alternative embodiment of a computer system 
to which the invention can be applied. Six CPUs are shown schematically at 1, 2, 3, 4, 5 and 
6 mounted in box II and connected by system bus 20. A clock controller for each CPU is 
shown schematically at 3 1, 32, 33, 34, 35 and 36 respectively together with a random number 
generator for each CPU respectively labelled 41, 42, 43, 44, 45 and 46. Of course, this is only 
one example: a single random number generator may be used for all CPUs or other means of 
allocating or generating numbers. 

[01 6] On start-up (or resetting) of the computer system, each random number generator 4 1 - 
46 generates a number which is used by the respective clock controller 3 1 - 36 as a multiplier 
to set the operating frequency of the respective CPU 1 to 6. Typically each random number 
generator 41 - 46 is set to generate a number between 1 and 6 corresponding to the total 
number at CPUs in the system and the clock controllers 31-36 multiply this number by a 
predetermined frequency difference figure of at least 120KHz and preferably 1 or 2 MHZ to 
set the frequency difference between each of the operating frequencies of the CPUs. 
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[017] In this example the frequency difference figure n is 4 MHZ and the CPUs 1 to 6 operate 
at respective frequencies 648, 644, 640, 636, 632 and 628 MHZ. 

[018J Figure 5 is a flow diagram illustrating a start-up procedure according to the invention 
for a multicore computer system such as that shown in figures 3 and 4. On start-up 71 a first 
frequency X is selected 72 and applied 73 to a first CPU of the system, such as CPU 61 in 
figure 4. The procedure then moves to the next CPU 74. A number N is then generated 75 
either by selection from a set of stored numbers or by a random number generator such as 4 1 
in figure 3, or by selecting a digit from the address of a server in the system. The number N 
is then used to select 75 a second frequency Y=X+N and this frequency Y is applied 77 to the 
next CPU. This cycle is repeated until all CPUs or servers in the system have clock 
frequencies allocated to them. 
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